This article examines problem based learning (PBL) as a basis for the design of interactive multimedia. To be effective, interactive multimedia should be stimulating and challenging, while providing students with a learning environment in which they can carry out investigations and have access to resources and tools for finding and manipulating data. PBL is an ideal approach to instructional design for multimedia, as it provides a scenario of problem presentation, investigation, resolution and presentation that can form the basis for the multimedia activities. Carried out effectively, this approach can enable high level learning, as the students are required to use the higher order mental processes of analysis, comparison and contrast, hypothesis and synthesis in order to propose a solution to the problem. Students need to take an active rather than a passive approach to learning when using this method. The theoretical basis for this approach is discussed. A case study of higher education course materials in grazing management is used to illustrate the way the PBL approach is used in the instructional design of the materials. Evaluation data from trials with students is included to illustrate the effectiveness of the materials for teaching and learning.
Introduction
An important part of the rationale for using multimedia and online technologies is to bring about an enhancement of learning outcomes. A recent review of student learning found deficiencies in relating basic science to applied applications, limited communication, problem solving skills and social aspects of the professional area, and an excessive volume of content (Keppell, Elliott, & Harris, 1998) . These shortcomings limit their ability to function in the real world environment they will experience on graduation. Problem based learning (PBL) is an approach to teaching and learning developed to enhance the student's ability to function in a professional environment. Its function is to make the process of solving high level complex tasks the major focus of the students' learning. Students are required to actively engage in problem solving in a way that develops higher level cognitive processes such as investigation and analysis. This has the effect of building higher levels of skill.
Using PBL as the basis for multimedia design, carried out effectively, will enable the high level learning outcomes associated with PBL to be attained by students who use the multimedia package. Multimedia technologies can be used to facilitate many of the learning processes that students need to engage in while learning in a PBL environment (McAlpine & Jackson, 2000) . This suggests that PBL is a good teaching and Learning model on which to base multimedia design, as it will lead to higher level learning outcomes. It also means that teachers who wish to apply PBL in their classrooms will gain valuable assistance from using multimedia technology.
PBL and approaches to teaching and learning
Problem based learning was first developed in response to apparent shortcomings in students' abilities to function in a complex professional environment. Some of the difficulties associated with traditional curricula in this area were: the curriculum was directed towards learning facts and technical skills without concern for understanding and reasoning; examination systems promoted rote learning rather than understanding; students were required to learn excessive and irrelevant detail; and it was doubtful whether students had a broad enough understanding and experience to carry out independent practice (Shanley & Kelly, 1994, p. 1) . These issues are not limited to medical faculties. Koschmann et al., (1996, p. 85) conclude from studies of the literature that:
… existing educational systems are producing individuals who fail to develop a valid, robust knowledge base; who have difficulty reasoning with and applying knowledge; and who lack the ability to reflect upon their performance and continue the process of learning.
To overcome these difficulties a student centered multidisciplinary approach was developed at McMaster University in Canada, and a 'hybrid model' using problem based tutorials, lectures, conferences and clinical sessions around weekly themes was developed at Harvard University. These approaches enabled the students to be more engaged in independent study by using small group problem solving sessions that integrated learning across disciplines (Boud & Feletti, 1997) . The major emphasis of PBL is to ground the student's learning in the kind of situation they will face as a working professional. Students are presented with scenarios in which 'real' problems need to be solved. These are used as a basis for learning activities that are sufficiently comprehensive for the student to be able to deal with the full complexity of the situation.
Types of problems
A desirable attribute of problems used in PBL is that they should be 'illstructured' (Koschmann, et al, 1996) . Many academic tasks require wellstructured problem solving, in which the student works towards a convergent or single known solution. Many of the situations that students will experience when they graduate however, are complex and are open to several different solutions. Dealing with problems of this nature may require different skills from problems that have a single solution (Jonassen, 1997) . Problems are ill-structured or ill-defined if the problem statement does not readily specify the solution so that the learner must learn to identify the real nature of the problem, any information that is necessary but missing from the problem statement, and a process for arriving at a solution (Jonassen, 1997 ).
Complex problems take many forms, depending upon the discipline area. Keppell, Elliott, & Harris (1998) describe a problem of the week approach in a medical faculty. Each problem has an audiovisual 'trigger' with supporting information in the form of a history, past medical history, physical examination, investigation results, and self assessment items. Reeves and Laffy (1999, p. 221) describe an example from an engineering course, in which students are given three major tasks: "1, transporting a research team to Mars; 2, siting and constructing a research station on the Martian surface; and 3, operating and maintaining an energy plant there". As there are no clearly defined solutions to these problems, students must work out their own interpretation of the problem, then design and test models to reach their conclusion. They are then required to report their solution to the whole class and the teachers.
Teaching, learning and assessment
The most important value of PBL in teaching and learning is that the student needs to respond actively to the learning task. In this active response, the student must focus on the thought processes required to solve the particular problem. In cognitive terms, this process is at a much higher level than acquiring information in the form of facts, formulas or procedures. Rather, the student needs to learn the necessary facts, formulas or procedures in the context of using them to function at higher cognitive levels of analysis and synthesis to reach a solution that can be applied in the realistic situation of the problem scenario.
The processes involved in PBL are important to the student's academic development. By dealing with real scenarios the student is exposed to the reality that problems are not always clearly defined with single algorithmic solutions. In a PBL environment the student learns to deal with complexity and ambiguity by refining, often in collaboration with other students, just what the parameters of the problem are and how to go about reaching a solution (de Grave, Boshuizen, & Schmidt, 1996) .
Collaborative work can be an important feature of PBL environments (Oliver & Omari, 1999) . Much of the development of PBL has been in a tutorial environment in which students share ideas and work together to solve the problem (Boud & Feletti, 1997) . By working in groups the students develop skills in communication and teamwork. By negotiating a shared understanding, students learn to accept the points of view that other people bring to the problem. This creates the potential to achieve a deeper understanding of the subject (Jonassen, 1997) .
The nature of the assessment task is important. The PBL approach revolves around problem solving from real problems. The students, therefore, need to be assessed on their solutions to these problems. An approach to assessment that requires memorisation of large amounts of subject content, such as an examination, is inappropriate in a PBL environment as this approach does not necessarily assess the higher order analytical and problem solving processes that the PBL approach aims to develop. Assessment tasks in PBL should arise seamlessly from the learning activity in the same realistic or authentic manner as the problem is presented (Herrington & Herrington, 1998) . Assessment must be based on the skills required in problem solving by assessing the performance of the skills in a realistic situation (Reeves & Okey, 1996) . As small group work is often required, assessment may be on the basis of group assignments. This requires a process in which a group mark can be modified to take account of the relative performance of individuals. There are, however, acceptable methods of doing this in which the students provide feedback on relative performance of group members (Morris & Hayes, 1997; McAlpine, 2000) . Basing assessment on the same activity as the learning task ensures that the intended skill development is assessed.
PBL and approaches to learning
The value of PBL as a way of encouraging higher level learning outcomes can best be described in relation to research on cognition and student learning. This research has identified the processes that lead to the deepest and most effective learning compared to the processes that are less effective. The former, or deep approach, involves actively seeking a meaningful interpretation of newly learned material to the extent that there is personal significance to the new knowledge and understanding that has been constructed. The latter, or surface approach, involved acquiring information for reproduction in an assessment task with little significance beyond this (Biggs, 1999) . The difference between the two approaches is that the deep approach applies higher order learning processes such as comparing and contrasting, analysing, hypothesising and reflection, whereas the surface approach is oriented towards lower order processes such as describing, listing, or following simple procedures (Biggs, 1999) .
PBL is an approach to teaching and learning that requires the student to use higher order learning processes. Students who are presented with a complex problem need to undertake higher order processes such as analysing, comparing and contrasting, explaining causes, and hypothesising, and to apply the outcome of these processes towards the development of a solution. A student who does not apply these processes simply cannot complete the task as lower order processes such as memorising, describing, or following a simple procedure are insufficient. Group work and collaborative tasks lead to deeper learning as the cognitive processes of knowledge activation and elaboration, restructuring of existing and newly acquired knowledge are intensified through the questioning and evaluation processes necessary for group work (de Grave, Boshuizen, & Schmidt, 1996) . As the problems used in PBL are typically complex, students are required to use 'deep' processes such as attending to contradictory information, attempting to understand alternative theories or explanations, and considering a wide range of evidence (de Grave, Boshuizen, & Schmidt, 1996) . They need to find ways of reinterpreting knowledge and data to reach a solution. Biggs (1999) argues for an 'aligned' system of instruction in which objectives state the level of understanding required rather than listing topics, the teaching methods are selected to realise the objectives, students do the tasks nominated in the objectives, and the assessment tasks address the objectives. He considers that PBL is a perfect example of alignment as the: "objectives are to get the students to solve problems they will meet in their professional careers; the teaching method is to present them with problems to solve; the assessment is based on how well they solve them." (Biggs, 1999, p. 71) . The goal he proposes is for teachers to arrange the student activities so that the students are required to use higher order learning processes. Doing this requires a deep approach. PBL is an approach to teaching and learning that achieves these aims.
Summary
PBL is a powerful approach to teaching and learning as it requires the students to apply higher order learning processes that lead to deeper learning outcomes. It also focuses student learning towards the type of situation they will be working in as a graduate, and builds confidence in being able to function in these roles. By using this approach to design instructional multimedia materials, the power of PBL can be applied, and enhanced, using instructional technologies.
Instructional design for multimedia and online technologies
In a situation in which technology is being used to support the implementation of PBL the challenge for instructional designers is to create instructional materials that facilitate problem presentation and the required investigation, analysis and interaction. This includes group work on the problem where required and, possibly, the final presentation of a solution. The design team needs to recognise the cognitive processes required, and to facilitate these processes. The value of PBL is that it requires students to actively use the higher order cognitive processes that lead to deeper learning (Biggs, 1999) . The instructional technology needs to be designed around these processes to ensure that they occur.
These cognitive processes can be categorised as:
• attending to and perceiving the nature of the problem and relating this to prior experience, • investigation and analysis of the problem and the resources available to attempt a resolution, • comparing and contrasting, hypothesising and synthesising in order to reach a solution, and • expressing the solution in a final form (Hoffman & Ritchie, 1997; Biggs, 1999) .
Appropriate instructional design and development of resources are needed to apply instructional technology to enable these learning processes. Each of the above processes can be supported by instructional technology as follows.
Attending to the problem
Given the nature of PBL, the learner needs a representation of the problem that is as close as possible to the real task (Hedberg, Brown, & Arrighi, 1997) . By use of graphics, animation, audio or video, the learner can experience an information-rich representation that can alert the learner to important physical and social contexts that are relevant to the task (Hoffman & Ritchie, 1997) . This leads to greater cognitive fidelity between the real world and the learning task.
Investigation of the problem
Students need a range of sources of information in order to investigate the issues raised by the problem presentation. In many cases the problem statement does not specify the information needed for a solution. Students need to be able to investigate a range of sources of information to enable them to understand the broader context in which the problem exists, to find additional information that may be needed to broaden their conceptualisation of the problem so that they can begin to hypothesise a solution. Instructional technology can be used to gather, annotate, and link a range of resource materials so that the students can exercise choices about what they select and the sequence as they carry out their investigation. This can be done with great efficiency as one source can link to everything and students can select materials at the time that they need them (Hoffman & Ritchie, 1997) . Students interact with the materials in the genuine sense of interactivity. This is not merely selecting among options, but thinking about the problem before making the next investigation needed for a solution (Hedberg, Brown, & Arrighi, 1997) .
Development of a solution
Resources for problem solving may include databases, spreadsheets, simulators, and other forms of software that are used as 'cognitive tools' in analysis and problem solving (Jonassen & Reeves, 1996) . These 'tools' can enable learners to choose their own representation of a problem (such as selecting their own data to graph for comparison rather than accepting those of others) and promote deep reflective thinking. In this way, learning can be a challenging process that actively engages the learner (Reeves, Laffey, & Marlino, 1997) . The key to the design of the materials is to ensure that the appropriate tools, such as comprehensive and accurate databases or pre-designed spreadsheets, are built into the materials with clear guidelines as to how to use them. PBL is usually structured around group work, to encourage additional thinking and sharing of ideas relating to the problem. By taking account of the views of others, students must reflect on their own ideas, challenge and expand their own conceptions, and engage in further learning to reach a solution. This can be carried out in face to face tutorial groups, or it can be achieved using synchronous or asynchronous computer conferencing (McAlpine, 2000) .
Presentation of a solution
To maintain authenticity to the task, students should present a solution using the approach that is likely in the type of scenario presented in the problem statement (Hoffman & Ritchie, 1997) . Instructional technology can be used as the tool for presentation if this is appropriate to the real situation, such as making a computer based slide presentation including graphs from a spreadsheet analysis (Jonassen & Reeves, 1996) . Appropriate presentations may also take the form of a written report. An integral part of using instructional technology for PBL is the final delivery of a solution in whatever format is required.
Summary
Instructional design for PBL essentially involves creating the computer based framework, presentation mechanisms (such as audiovisual), access to the range of learning resources (including the creation of these resources), and creating or facilitating the tools needed for analysis and presentation.
A case study using PBL for multimedia: Grazing management
This case study considers a multimedia project at the Institute of Land and Food Resources, involving the teaching of grazing management practices. The subject requires the students to have a comprehensive practical understanding of how to manage pasture. A particular need is that students on several campuses, and possibly external students, need to study the same subject. A multimedia approach, using PBL, was seen to be the solution. This approach can enable all students in the subject to access the same resources, to engage in the same problem solving tasks, and to have access to specialist computer based tools such as specialised spreadsheets and a simulator, to aid them in reaching appropriate solutions to the problems. The students can deal with authentic, complex problems without the need for field trips to different regions in the state to experience the problems associated with pasture management in different climate zones.
The multimedia materials need to enable the students to: understand the major influences on pasture growth; assess the merits of different pasture species and cultivars; understand different pasture growth systems and the effect of grazing animals; and be able to budget and manage pasture on a systematic basis. The particular attributes the multimedia materials needed to have to apply a PBL approach were:
• a realistic presentation of genuine problem scenarios;
• access to a range of resources (information and tools) for problem solving; • facilitation for individual and group work;
• facilitation for realistic problem presentation;
• authentic assessment based on problem solving.
Instructional design for the multimedia materials focused on creating materials that would facilitate or promote the learning processes related to PBL, using the above key attributes. These were implemented in the design in the following way.
• Problem scenarios are presented primarily in audiovisual format. In the first module this consists of: photographs of the farmers and of the farm itself showing wide views of the overall farm layout; closer views of the paddock in need of renovation on each farm; and close up images of the pasture illustrating problems such as the predominance of weed species or bare patches; a recorded interview with the farmer enabling the student to learn about the farm, the climate, the intended use of the pasture, and the farmer's perception of the problem. These are presented to the student in a slide show format.
• Students are guided to solve the problem using a range of resources and tools. The resources include computer based tutorials that explain and illustrate important concepts such as the influence of rainfall and soils on pasture, and maps illustrating pasture or climate zones. The tools include searchable databases such as a pasture species database, and a pasture growth simulator developed as part of a research project.
Students are able to use any or all of these resources to work out their solution to the problem.
• The instructional materials are designed to be usable individually or for groups. The problem scenarios are sufficiently complex to be suitable for group work. Individual lecturers using the materials can decide whether there will be tutorial groups facilitated by the lecturer, or student groups, or individual activity. By using computer conferencing external students can participate in collaborative group activity.
• Students need to present their problem solution in a realistic way. Students are provided with a template for a report format, and are able to copy and paste data from their analysis, such as a spreadsheet output, or data from the simulation. Students may use computer generated slides to make individual or group presentations, also using data that is sourced from the problem solving tools.
• The students' assessment will be based on problem solving ability, including evidence that the student can use data analytically, rather than simply arriving at a solution by guesswork. The solutions that the students present will be in a format that is realistic to the problem task, such as a recommendation to a farmer or a presentation to a cooperative board. Assessment tasks are authentic as they closely relate to the authenticity of the original scenario.
Evaluation
Formative evaluations were carried out with two small groups of students, using a regular class time of four hours in the computer laboratory, so that all students had access to a networked computer. The format for the classroom sessions was:
• 30 minutes introduction to the topic by the subject lecturer;
• 2 hours of individual study time using the project materials;
• 1 hour for group discussion of the problem and group presentations of a solution, and • 30 minutes to complete questionnaires and a focus discussion.
The study considers four specific indicators of the students' progress and the effectiveness of the role played by the computer based PBL materials: 1, observation during the class session; 2, questionnaires with Likert scale questions and space for open ended comments completed by the students at the end of the session; 3, focus discussions between the authors and students at the end of the session; and 4, observations by the staff relating to the quality of the students' output of solutions to the task.
Observation during class session
In the first trial the materials were slow to download which caused some frustration, however the students were sufficiently interested in the task to persist. An important part of the learning resources for the task is a pasture species database that provides a wide range of information on each plant species and cultivar. The students appeared to find this very valuable and absorbing. The students used this frequently during the preparation of both their individual and group solutions to the problem.
Questionnaires
The questions are organised into four topic areas: 1, questions on the use of technology; 2, questions relating to cognition, including aspects such as activation of prior knowledge, level of challenge, and development of new knowledge and skill; 3, effectiveness of group work in developing a deeper level of understanding; and 4, the students' subjective view of their own learning. Table 1 illustrates the questions and the levels of student response that relate to the technology itself, for each of the two groups of students who participated in the evaluation. These indicate that while there were some difficulties with access to the materials, these were overcome and the materials were perceived to facilitate effective learning. Gp 1 2 7
Gp 2 1 5 1 9 I gained a greater understanding of how to meet farmers' needs from working on the problem solving tasks.
Gp 1 2 7
Gp 2 1 5 1 Table 2 illustrates the questions and levels of response on some issues relating to cognition. These deal with orientation, activation of prior knowledge, development of existing schemata, and the level of outcome in terms of skill development. The trend is for students to feel that they developed their knowledge and skill as a result of the activity. The open ended comments following this group of questions were generally favorable about the subject material. These are exemplified by this comment: "Exactly what a farmer would want when selecting pasture species." Table 3 illustrates the questions that concentrate on the value of group work in PBL. The responses to these questions indicate that the students placed a high value on the group activity. The open ended responses after this set of questions support this observation, as illustrated by the following comment: "It helped to make sure I could justify the choices I made and did not allow you to go through and just pick cultivars". The questions in Table 4 relate to perceived level of understanding and skill development in areas that the students will need to practice following graduation. The responses are generally favourable in this area also, indicating a perception of skill development that will be of value to the student as a working professional. This perceived value is illustrated by this student comment: "I think that it is great being able to relate to situations right back to the paddock".
Lecturer assessment of the quality of outcomes
In comparison to the equivalent group of students from the previous year, the following general observations were made:
1. Got the students interested and working for 4 hours! Though slow to start, once into the program, the students did get interested to find out more and also complete the task in a methodical. The progression of the subject material in the module, definitely works! The problem based approach sustains interest until the final solution is arrived at.
2. Satisfactory results from the whole group. The concepts were driven in a more effective manner than in the classroom. Being non-technical but with a logical progression, the students were able to absorb the material at their own pace -some quicker than others. The group discussion assisted in the transfer of knowledge and experiences -also kept them more focused. This definitely helped the bottom third of the class, to catch up on the others -with every student being involved in the learning and assessment at the same time. The minimum expectations of the whole group were clearly achieved.
3. Useful tool to supplement lectures/practicals. Field visits/practical classes will be more meaningful for students, to verify the concepts learnt in this package. The module is an effective means of introducing the theoretical concepts and stimulating the thinking process of the students. It could be effectively used in the delivery of this subject by distance education.
Conclusions
PBL appears to have a high potential as a basis for the design of multimedia materials in this subject area. Instructional design for multimedia and online technologies using a PBL approach must be concentrated on using the technologies to enable and support all of the essential processes required for this approach to teaching and learning. All of the normal processes of instructional design relating to needs and task analysis, setting objectives, content analysis and conceptual structure, cognitive mapping of conceptual relationships are still applicable when developing for a PBL approach. It is essential to have a thorough grounding for the content material. When this level of analysis is complete, however, design for PBL involves the provision of resources for problem solving. Content materials may be structured so that they give the appearance of the materials that are used in real situations, such as lab reports or records of applications. Materials must be designed to provide appropriate access to these resources. The other major aspect of design is to provide effective tools for problem solving. Templates, spreadsheets, graphing tools, simulators provide a focus for learning activities. Materials need to be designed to enable students to work individually or in groups, perhaps using online conferencing. In these ways, the multimedia materials can be structured to support the appropriate learning processes.
In this case, the multimedia materials were effective in promoting the required learning outcomes. After graduation many of these students will work in a consultancy role in which problem solving is a critical skill. The multimedia format enabled the students to experience many of the issues associated with a real problem, and to quickly access the resources to enable a solution to be reached. The subject lecturer feedback indicated that the quality of learning was high. Student feedback indicated that they perceived the value of the activity in building skills in such a role. By extrapolation, this approach to using PBL for multimedia design can be applied to many other subject areas also. PBL is applicable in any subject area where investigation is needed because solutions are not algorithmic processes with specific answers. As this includes a wide range of subject areas, this approach to instructional design has the potential for a wide range of applications.
